ABSTRACT 25
experiments correlating minimum inhibitory concentrations (MICs) with the activity of VanX enzyme 48 sensitive (ΔvanRS) S. coelicolor strains (14) . Among all the hydrophobic derivatives, teicoplanin 77 derivatives (Group 4) generally exhibited greater activity than vancomycin derivatives (Group 3). 78
Interestingly, hydrophobic group 3 vancomycin derivatives with a chlorobiphenyl (CBP) substituent 79 were shown to be more active than those with a lipid substituent. To determine the correlation between 80 the MIC of a derivative and its ability to induce the van resistance system, the abundance of vanH 81 transcripts in RNA isolated from growing liquid cultures of wild type S. coelicolor (M600) treated by 82 addition of 10 μg/ml of each glycopeptide derivative was monitored using quantitative real time PCR 83 (qRT-PCR). Samples taken 30, 60 and 90 min after treatment were compared to a preinduction control 84 taken immediately before addition (T0), as previously as described (21). sigE transcription was 85 similarly quantified as a reporter for cell wall stress. Consistent with previous results, vanH 86 transcription increased immediately in response to vancomycin and reached a maximum level after 30-87 60 min before beginning to decline (Fig. 3) . With the exception of chloroeremomycin, group 1 88 compounds were typically the best inducers of vanH expression, and all, including chloroeremomycin, 89 also induced a strong peak in sigE transcript abundance after 30 min. The derivatives in Group 2 90 behaved similarly, although the maximum level of vanH induction was delayed to 60 min, and the level 91 of expression was generally weaker. Strikingly, the Group 3 and 4 derivatives containing hydrophobic 92 substituents exhibited the lowest MIC and all failed to induce vanH transcription -except compound 3a 93 which showed only a very weak induction of vanH expression -but produced a strong transcriptional 94 response for sigE. The order of the vanH induction level starting with the best inducer group can 95 therefore be summarized as Group 1 > Group 2 > Group 3 > Group 4, and this result perfectly 96 correlates with the observed MIC result. This implies that the strong activity of glycopeptide 97 derivatives toward vancomycin resistant bacteria is indeed due to their poor ability to induce the 98 resistance system. The hydrophobic substituent presumably prevents productive interaction with the 99
VanS sensor kinase, the key component for triggering the expression of van genes, but has no 100 detrimental effect on antibiotic activity. Assessment of the cell wall stress response by monitoring the 101 level of sigE transcription allowed the comparison of MIC values with vanH transcription to be set in a 102 useful context. Interestingly, sigE was significantly induced following exposure to each compound in 103 Groups 1 to 4, but its transcription was quickly and continuously reduced only in cases where vanH 104 expression had also been strongly up-regulated (Fig. 3) . In contrast, sigE transcription remained high or 105 continued to increase if the compound acted as a poor or non-inducer for vanH transcription (i.e. 106
Groups 3 and 4). This result implies that expression of the sigE system alone is insufficient to produce 107 a recovery from the cell wall stress created by the glycopeptides. This work clarifies the relationship between glycopeptide structure, antibiotic activity and the ability to 124 induce the VanB-type van resistance system. By integrating data from MIC studies with reporters for 125 transcription of the van resistance (vanH) and cell wall stress response (sigE) systems in an S. 126 coelicolor model, we confirm for the first time that the activity of glycopeptide derivatives previously 127 identified against resistant pathogenic Enterococcal strains can be attributed to an inability to activate 128 transcription of the van resistance system. Derivatives with large hydrophobic substituents were shown 129 to be the most successful at evading detection by the VanB-type resistance mechanism while still 130 retaining potent antibiotic activity. Significant activity was also identified in two damaged derivatives 131 whose structures render them incapable of interacting normally with their D-Ala-D-Ala target groups. 132
Such structure-activity data has the potential to inform the future design and production of novel, Table S1 and S2. For detailed the experimental procedure, see the experimental section in the supplemental material.
